Using a matched insurant-general practitioner panel data set, we estimate the effect of a general health-screening program on individuals' health status and health-care cost. To account for selection into treatment, we use regional variation in the intensity of exposure to supply-determined screening recommendations as an instrumental variable. We find that screening participation increases inpatient and outpatient health-care costs up to 2 years after treatment substantially. In the medium run, we find cost savings in the outpatient sector, whereas in the long run, no statistically significant effects of screening on either health-care cost component can be discerned. In sum, screening participation increases health-care cost. Given that we do not find any statistically significant effect of screening participation on insurants' health status (at any point in time), we do not recommend a general health-screening program. However, given that we find some evidence for cost-saving potential for the sub-sample of younger insurants, we suggest more targeted screening programs.
INTRODUCTION
Health screening was a rapidly growing and widely accepted practice in health care during the 20th century. 1 Proponents of screening programs stress that in addition to the potential of early disease detection (secondary prevention), they also provide the opportunity for screening participants to change unhealthy lifestyles through the so-called lifestyle counseling (primary prevention). Consequently, participants' long-term health outcomes are expected to improve, and future health-care costs should decrease. However, more recently, screening programs have faced heavy criticism. Opponents emphasize a list of contra-arguments. They argue that in many cases, the effectiveness of screening is limited and that screening costs will exceed associated savings. Screening may produce false positive outcomes that result in overtreatment. This may increase not only short-term but also long-term health-care costs. Moreover, several screening procedures may themselves entail potential harm (e.g., due to radiation exposure) or considerable discomfort for patients (e.g., as in the case of a colonoscopy). According to the latter arguments, different health organizations have recently revised their screening guidelines.
Typically, these screening guidelines are based on two strands of medical and epidemiological literature. One branch analyzes the selection process of patients into the screening programs. Summing up this extensive body of literature, one can put forward that screening participants are positively selected on socioeconomic characteristics. Moreover, there is evidence that especially healthy people as well as those with a family history of particular illnesses participate. 2 The other strand of literature deals with the effectiveness of screening programs. Typically, randomized control trials are used to evaluate the effectiveness of screening programs. 3 On the basis of this medical and epidemiological evidence, screening guidelines and their changes over time leave the overall impression that as compared with previous periods, contra-arguments have been given a higher priority more recently. 4 In this paper, we evaluate an Austrian mass screening program launched in 1974. Every Austrian adult is invited to undergo an annual health screening offered by his or her general practitioner (GP), the financial costs of which are fully covered by statutory health insurance. The screening process comprises a general health examination and some age-specific and sex-specific components. Laboratory tests and the determination of behavioral risk factors (based on the insurants' medical history) should help to detect cardiovascular diseases. In addition to this form of secondary prevention, participation is expected to motivate insurants to engage in primary prevention.
Our analysis is based on a matched patient-GP panel data set comprising all private sector employees and their dependents from the state of Upper Austria covering the period from 1998 to 2007. This data set allowed us to estimate the effect of screening participation on a number of health outcomes such as outpatient health-care costs, the incidence of hospitalization and sick leave, and mortality. In order to solve the problem of self-selection into treatment, we took advantage of the fact that GPs have an incentive to 'sell' the screening exams to their patients. In particular, we suggest an instrumental variable (IV) estimation strategy that utilized exogenous variation in screening participation due to supply-determined screening recommendations. To quantify each insurant's exposure to supply-determined screening recommendations, we used the number of prescribed screenings per insurant by all GPs located in the insurant's zip code area. As we will argue in detail in the succeeding text, after controlling for insurant and GP fixed effects, this variable should affect insurants' subsequent health outcomes only through the screening participation.
For the average insurant, we observed an increase in outpatient health expenditures (by 27% in the year of screening participation and by 39% in the following year) and of inpatient health-care costs (by about 40%). In the medium run, outpatient expenditures decreased by 20% in the third year after treatment, and by 40% in the fourth and fifth years. We neither found long-run effects on health-care cost nor observed any effects on the health status variables, days of sick leave, and mortality. In summary, we did not observe overall cost savings or any positive effects on health for the average insurant. These patterns are quite robust across different subsamples of the population. However, given that the short-run increase in health expenditures is comparably low Figure 1 . Screening participation rate in Austria by sex, 1990-2010 future health-care costs and improve insurants' quality of life. Depending on age and sex, several additional examinations may be recommended by the examining GP. 7 As Figure 1 shows, annual screening participation has steadily increased since the 1990s. 8 While only about 6% of all male insurants and 7% of all female insurants participated in the year 1990, the participation rate increased to 13% and 14%, respectively, in 2010. To put these numbers into perspective, it must be noted that very few insurants participate in the screening every year. For instance, in the state of Upper Austria, the majority (about 60%) of attendees only participated once or twice over a 10-year period. About 6% showed up every second year, and less than 1% attended every year.
The direct costs of the health-screening program are substantial. For instance, in 2010, the sickness funds spent more than 65 million Euros on screenings of about 850,000 insurants; this is equivalent to 0.27% of the total health-care cost (or 0.024% of the gross domestic product). This figure only includes the cost for the general health examination and accounts for neither the additional age-specific and sex-specific components nor further referrals to medical specialists. In general, participation rates are higher for older insurants (see first line in Table I ).
DATA
Our empirical analysis is based on all private sector employees and their dependents residing in the state of Upper Austria. 9 We used the database of the Upper Austrian Sickness Fund to compile a matched insurant-GP panel data set for all insurants who were born before 1965. Our data set covers the period from 1998 to 2007. 10 In order to assign a GP to each insurant, we used the patients' GP consultation record. For each year, we determined the GP who was most frequented by the insurant. 11 On average, an insurant had 8.8 GP consultations per year (the median is equal to 5.0), provided by 1.2 different GPs. During years in which an insurant had no GP consultation (about 18.6% of all observations), we assigned the GP from the preceding (or if not available, from the succeeding) year(s). The nature of the matched insurant-GP panel data implies that we had to exclude all insurants (7.7%) from our analysis who had never consulted a GP in Upper Austria during their insurance spell(s). 12 Obviously, our panel is not balanced. Individuals dropped out of our sample if they were no longer insured with the Upper Austrian Sickness Fund, if they moved outside Upper Austria, or if they passed away. Equivalently, individuals born before 1965 entered into our panel if they joined the Upper Austrian Sickness Fund and resided in Upper Austria after 1998. Still, the vast majority of insurants (82.4%) in our sample could be observed in each year.
Our data set includes information on all covered health services (including screening participation) that had been provided to an insurant by his or her GP or any other resident medical specialist. That means that we observed each single doctor visit and each drug that had been prescribed, and with the exact date of service utilization. The data set also provides information on the incidence of hospitalization and sick leave. In order to obtain exact information on the place of residence (zip code area), labor market status, and mortality, we linked our data to the Austrian Social Security Database and the database from the Austrian Federal Ministry of Finance.
To evaluate the effectiveness of health screening, we considered the following outcomes in our estimation analysis in the succeeding text: outpatient health-care expenditures including cost for medical attendance and medical drugs, days of hospitalization, days of sick leave, and mortality. 13 As Table I shows, the average insurant generated 636.00 Euros of outpatient health expenditures per year, spent 3.36 days in the hospital, and was on sick leave (conditional on employment) for 13.48 days. As expected, in each category, the mean and the standard deviation increased with age. 14 By the end of 2007, about 1% from the youngest age group and 53% of the oldest age group passed away.
ESTIMATION STRATEGY
To estimate the effect of screening on subsequent health outcomes, we started with the equation
where y it denotes the health outcome of insurant i in period t. The binary variable(s) s i;t r capture whether individual i participated in a health screening in period t r with r Â f0; 1; 2; 3; 4; 5; 6; 7; 8g. As covariates, we included time-varying characteristics of the insurants (denoted by x it ), insurants fixed effects .Â i /, GP fixed effects . J.i;t/ /, and time fixed effects .ı t /. The identification of GP fixed effects is guaranteed by insurants seeing different GPs over time. The parameters of primary interest are˛r , indicating the effect of screening r years ago. An obvious issue is the endogeneity of screening participation. Self-selection into treatment has to be expected. In other words, a correlation between s i;t r and the error term it is highly likely. A priori, it is hard to assess the sign of the selection bias. It is reasonable to believe that health-conscious individuals are more likely to participate. In that case, ordinary least squares (OLS) would overestimate the effect of health screening. At the same time, it would be rational for individuals from high-risk groups to undergo a check-up on a regular basis. If the latter effect dominates, OLS would underestimate the effect of screening. 15 Selection that is based on insurants' observed characteristics or unobserved time-invariant heterogeneity is controlled for by the inclusion of the vector of time-varying individual characteristics and the insurants' fixed effects. However, if screening participation is correlated with time-varying unobservables that affect health outcomes, no control strategy succeeds in identifying the causal effect of screening. To account for the latter situation, we suggest an IV approach. This allows a consistent estimation of the causal effect of screening without asymptotic bias from unobserved time-varying heterogeneity.
Supply-determined screening demand
The idea of our IV strategy was to utilize exogenous variation in screening participation due to supplydetermined demand. In other words, we took advantage of the fact that patients not only do self-select into screening but also are examined simply because of their GP's recommendation. In fact, there are good reasons to believe that this market is mainly driven by the supply side. To motivate this approach, we discuss in a first step why GPs in Austria should have a strong incentive to recommend screening, and we provide evidence that patients responded to this recommendation. These are two necessary conditions for the suitability of our IV strategy.
Do GPs have an incentive to recommend screening? GPs may consider screening a sensible method of secondary prevention and advocate it to their patients in order to improve their future well-being. This type of supply-determined health demand is fully altruistic and solely guided by the Hippocratic Oath. Moreover, GPs may also act in their own interest, as they recommend screening that is driven by their profit-maximizing behavior (McGuire, 2000) . In a static setting, GPs have a clear financial incentive to sell screenings. 16 Supplydetermined recommendations may be particularly strong in the case of screening, because this service can be sold to any patient, healthy or unhealthy, with a low probability of medical liability because of overtreatment.
To put it bluntly, screening is the only service by which a GP can officially earn income with perfectly healthy people. At least in Austria, screening also seems to be a comparably lucrative business. Table II provides frequencies and fees paid from the Upper Austrian Sickness Fund to the GPs for different health-care services.
It can be seen that the reimbursement for general consultation, including extra payments from the third visit of a patient in a quarter, makes up to 53% of the GPs total income. 17 Screening accounts for almost 7% of the total amount of fees. Although we do not have detailed information on the doctors' time spent for the different service categories, Table II also indicates that a GP can earn relatively good money by providing screening examinations. The screening fee is more than four times higher than that for the first treatment in a quarter, and almost as high as the reimbursement for a cardiopulmonary resuscitation-one of the most expensive health services in the Austrian primary health-care market. We conclude from this that GPs have a clear incentive to recommend screening to their patients whether because of altruistic or non-altruistic reasons. 18 Do patients respond to GPs' screening recommendations? The conjecture that screening participation is highly driven by GPs' recommendations is confirmed in the literature. For instance, Cole et al. (2002) analyzed the effectiveness of three different letter designs for colorectal cancer screening invitations. The first letter was dispatched from a central screening service, the second included a reference to the patient's GP, and the third was also signed by the GP. It turns out that the participation rate was lowest among patients who received the first letter (32%) and highest among the third group (41%). This and similar evidence 19 suggest that patients respond to GPs' screening recommendations.
We observe a high exposure rate of patients to the GPs' recommendations as we measure 8.8 GP consultations per year for patients in our data set. The high number of GP consultations is related to the organization of the Austrian health-care system: (i) patients do not pay deductibles, so they have an incentive to visit their GP for almost any medical need; (ii) employed patients need confirmation from a doctor for a sick leave of three or more days; and (iii) patients obtain their vaccinations from the GP, and a prescription is required for almost any type of medical drugs, including contraceptives, antibiotics, or any mild cream to treat simple rashes. Consequently, the vast majority of insurants see their family doctor regularly, and sample selection into the doctor's office is not expected. 16 In a dynamic setting, it could be optimal for GPs to undersupply preventive care measures in order to reap higher profits from curative care measures in the future (Kenkel, 2000) . 17 A GP can have contracts with several health insurance funds. The funds are very similar in their fee structure, and the funds' GP fees generate most of a GP's income. 18 In fact, a recent survey among 2000 insurants support this supposition. About 80% of survey respondents agree with that statement that 'my GP provides me with information about screening', and about 66 confirm that GPs also motivate them to participate.
(http://www.hauptverband.at/mediaDB/849547_Presseunterlage_gesamt_GfK-20120112.pdf; accessed: October 30, 2012.) 19 See, for instance, Meissner et al. (2007) , Richardson et al. (1994) , Bowman et al. (1995) , Cole et al. (2002) , Cowen et al. (1996). In line with this evidence, we found in our data that GP fixed effects alone explain about 8% of the variation in individual screening participation. Patient fixed effects, however, account for only 0.04% of the variation in screening participation. This suggests that screening participation is predominantly driven by GPs and only to a small extent by patients themselves.
Quantifying supply-determined screening recommendations
Ideally, we would like a random sample of GPs recommending screening to a random sample of all their patients, and we could observe this and their subsequent health outcomes in our data. 20 Because this type of field experiment is not feasible, we suggest using a proxy for the intensity of exposure to GP screening recommendations. In particular, we argue that the number of prescribed screenings by GPs located in a given zip code area provides (within a panel data regression framework) a good proxy for exposure to supply-determined recommendations.
We wanted to capture the simple idea that insurants are more exposed to supply-determined screening recommendations if the consulted GPs are more likely (for whatever reason) to advocate this service to their patients. If we were willing to assume that insurants had been randomly assigned to GPs, we could simply use GP fixed effects as an IV for screening participation. 21 In order to relax this assumption, and to allow for a setting where insurants may actively select a particular GP within their local neighborhood, we suggest measuring the exposure to supply-determined screening recommendations not on a GP level but on zip code level. 22 Another advantage to this procedure is that we were able to include GP fixed effects in our regression analysis that captured all unmeasured time-invariant GP characteristics. In particular, we calculated our IV (denoted by S´. i /;t r/ for each zip code area´and year t as the sum of all screenings prescribed by all GPs located in a given zip code area (consumed by any insurant minus the screening of individual i) divided by all insurants residing in this zip code area minus one.
The spatial distribution of our IV averaged over annual values from 1998 to 2007 is depicted in Figure 2 . One can see that the exposure to supply-determined screening recommendations varies quite substantially across zip code areas. GPs in different zip code areas and/or at different points in time vary in selling this service with respect to both their assessment of the effectiveness of screening and their financial incentives.
IV estimation
Our suggested IV strategy translates into the following first-stage estimation:
We will see in the succeeding text that this proxy for the intensity of exposure to supply-side-driven screening S´. i /;t r in the residential zip code area´is highly correlated with the individual screening participation and that the parameter enters as a highly statistically significant determinant. The inclusion of GP fixed effects Â i allows for the direct influence of GPs on patients' health outcomes that are potentially correlated with the extent of GPs advising screening. For instance, GPs who like to recommend screening may also tend to prescribe more (or more expensive) medical drugs. In order to evaluate the validity of our IV, it is useful to highlight the exact sources of variation in the first stage. In our framework, patients experienced a variation in the intensity of exposure to supply-determined screening recommendation (i) if an existing GP in a zip code area is substituted (e.g., because of retirement); (ii) if an additional GP is allocated; (iii) if patients move to another zip code area; and (iv) if existing GPs change their screening recommendation behavior over time. The latter may be triggered by a re-evaluation of GPs' assessment of the effectiveness of screenings (e.g., because of training) and/or by changing financial incentives to sell screenings. Our proxy of exposure to supply-determined screening may also be altered (v) if other patients of GPs within a certain zip code area request more screenings without any GPs' intervention. While it is not possible to disentangle and quantify each of different channels of variation, we expect the fifth channel to be comparatively less important. 23 It can be shown that GP fixed effects explain 200 times more variation as compared with insurant fixed effects. In other words, this suggests that this market can be characterized by Say's law, and most demand is determined by its supply.
The first four sources of variation seem undoubtedly exogenous and should not affect insurants' later health outcomes through channels other than screening participation. What about variation due to the fifth channel? This type of variation would only be problematic if autonomously increased screening demand by other insurants ( i) of GPs in the same zip code area has an independent effect on insurant's (i) later health outcomes. While it is possible that peers persuade one to follow their example to participate in screening and to change others' health behavior, we summarize in Section 6 results from a falsification test that provides suggestive evidence against peer effects in the screening decision. We further show the robustness of our results to the inclusion of additional covariates measured at the zip code area level, such as different proxies for a general tendency toward preventative care measures, as well as other health-demand related variables. Given the high robustness of our results, we regard a correlation between our IV and the error term in the second stage as highly unlikely.
Under the validity of our IV approach, we can then identify a local average treatment effect (LATE). This means that we estimated the causal effect of screening participation on later health outcomes for insurants who participated in health screenings because of their high exposure to supply-determined screening recommendations. In other words, we can think of the compliers as those patients who had check-ups because of their GP's recommendation and not because of their own request.
To evaluate whether this LATE is a parameter of interest, it is useful to consider two related questions. First, is the LATE parameter useful to policy makers? Second, how credible is the extrapolation from the LATE to different average effects? If policy makers want to decide whether to abolish the screening program in its current form entirely (i.e., at the extensive margin), they clearly would like to know the average treatment effect on the treated (ATT). However, if policy makers instead consider an intervention that affects the screening incidence at the intensive margin, then the LATE might be quite informative, as it applies to marginal screening participants. In fact, if policy makers consider such an intervention-for instance, by creating more awareness of the importance of screening or increasing the screening fee-our LATE is the accurate parameter for evaluating this policy. Whether the estimated LATE is similar to the ATT (or the average treatment effect) is harder to assess, as one would have to compare the compliers and the always-takers (Imbens, 2010) . On the one hand, one may speculate that patients following a GP's advice (i.e., our compliers) are not a very peculiar group. On the other hand, one cannot rule out that the return rates for screenings are different for always-takers and compliers. For instance, it seems plausible to assume that always-takers are (compared with compliers) more health conscious people who pursue, in general, a healthier lifestyle. As a result, the return from screening participation might be higher for a complier. In this case, the LATE would be higher compared with the ATT/average treatment effect, and our critical assessment of the screening program in the conclusions would be quite conservative.
EMPIRICAL RESULTS
This section presents our estimation results. We begin by providing first-stage results. Subsequently, we discuss the estimated effects of screening participation on our main measures of health-care cost (outpatient expenditures including costs for medical attendance and medical drugs and incidence of hospitalization) and health status (incidence of sick leave 24 and mortality). It turns out to be useful to distinguish here between short-run, medium-run, and long-run effects of screening participation. Moreover, we present disaggregated estimation results for medical attendance (where we distinguish between different medical specialists) and for different categories of medical drugs to provide further insights. Table III summarizes the first-stage results for the different lags in our IV estimations. Given that the outcome days of sick leave apply only to employed insurants, we used two different samples, the full sample and the sub-sample of insurants with employment spells. In both samples, we found a highly statistically significant effect of our IV (i.e., the proxy for the exposure to supply-side screening recommendations) on the likelihood of screening participation. The estimated coefficients of the instrument range between 0.51 and 0.73 for the full sample and between 0.43 and 0.48 for the restricted sample. This means that an increase in the instrument (screening rate per zip code area) by one standard deviation (0.057) increased an The dependent variable is a binary variable equal to one if the insurant participated in the general health screening in the quarter t r.
In addition to the instrumental variable (IV), each estimation controls also for the insurant's age as well as insurants' and GPs' fixed effects. The IV is a proxy for the exposure to supply-side screening recommendations and is defined as the sum of all screenings prescribed by all GPs located in a given zip code area consumed by any insurant, minus the potential screening of individual i , divided by all insurants residing in this zip code area minus one. This table summarizes estimation results on the effect of screening participation (r years ago) on five different health outcomes on the basis of two methods of estimation: ordinary least squares (OLS) and two-stage least squares (IV). Each entry reflects a separate estimation. The outcome variables outpatient expenditures and the two sub-components expenditures for medical attendance and medical drugs are measured in 2007 Euros. The outcome variables hospitalization and sick leave are measured in days per year. In the IV estimations, screening participation is instrumented by a proxy for the exposure to supply-side screening recommendations that varies over zip code areas and time (Figure 2) . A summary of the first-stage results is provided in insurant's propensity to participate in a health screening by 2.85 percentage points if we assume a first-stage coefficient of 0.5. The F -statistic on the excluded instrument is very high for each lag, indicating that we can reject the hypothesis of a weak instrument (Stock and Yogo, 2005) . The second-stage results of our IV estimations for our main outcome variables are summarized in Table IV , along with the respective OLS estimates for comparison. The coefficients give the estimated effect of screening on the respective outcome variable r years after treatment. Conditional on individual patient and GP fixed effects, the IV strategy exploits only variation in the screening participation, which is triggered by the IV. The inclusion of GP fixed effects implies only variation from observations where patients change their GP matters. Each entry in Table IV represents a separate estimation for the respective lag, which uses a different mass of exogenous variation (that is not confounded by patients' screening history). 25 The IV and the OLS estimates are, in many cases qualitatively and in most cases quantitatively, very different from each other. This suggests that selection into screening is an important issue that must be taken into account in an evaluation. In other words, the OLS estimates seem to be heavily biased and should not be interpreted causally. The findings suggest that in particular, healthy or health-conscious people participate in screening. Healthy screeners cause a moderate increase in expenses for doctor visits, spend less on medical drugs, and spend fewer days in the hospital; moreover, the increasing number of sickness days may indicate that they do not go to work if they are sick.
Short-run effects:
On the basis of the IV estimation, we found a highly statistically significant increase in short-term outpatient expenditures up to 2 years after the screening participation: plus 279 Euros in the year of treatment and plus 195 Euros in the year thereafter. This is equivalent to an increase of 38% and 27%, respectively. The sharp increase in outpatient expenditures is predominantly due to a rise in expenses for medical drugs, and to a smaller extent due to cost increases of medical attendance. Expenses for medical drugs rose by 211 and 154 Euros, while expenses for medical attendance increased only by 67 and 41 Euros. 26 In the short run, screening participation also substantially increased the incidence of hospitalization. We found an increase of one and a half days in the hospital (or about plus 40%) in the year of the treatment and in the year thereafter. At the same time, we did not find any statistically significant impact of screening participation on the incidence of sick leave.
These results suggest that screening leads to further inpatient and outpatient medical treatments following the screening exam. The more disaggregated results (summarized in Tables V and VI) help to explain the mechanism behind this short-run health-care cost increase. The estimation results for particular groups of medical drugs in Table V show that drug expenditures for the cardiovascular system and for the nervous system increased significantly in the short run. On average, drug expenditures for antidepressants and other drugs for the nervous system doubled in the first three periods after screening participation. The increase of expenses for medication for the cardiovascular system meets expectations given the fact that one of the primary purposes of the Austrian screening program is the detection and prevention of cardiovascular diseases. It is important to note, however, that the cost-increasing effect on cardiovascular drugs is mainly driven by medication treating high cholesterol. If we exclude these medical drugs from the superordinate cardiovascular group, the previous significantly positive effect vanishes. We presume that the GPs prescribe anti-cholesterol drugs if the blood tests reveal cholesterol values beyond pre-determined thresholds. The rise of medications for neural and mental diseases is surprising, however, because these illnesses are not even mentioned in the objectives of the screening program. This result provides support for the conclusion that patients mention their mental unease in the course of a comprehensive anamnesis and, as a subsequent consequence, the GPs prescribe antipsychotics on a large scale. Further cost-increasing effects of screening participation can be found for genito-urinary and musculo-skeletal drugs and for drugs that cannot be attributed to ATC codes ('Missing'). The disaggregated findings for medical attendance in Table VI show a strong short-term increase in expenditures for diagnostic medical services. Both the expenditures for medical attendance by radiologists and for laboratory services increase substantially up to 4 years after treatment. There is every reason to believe that GPs, who carry out the general health screening, subsequently refer patients to specialists for further and/or more detailed diagnostic services. Notably, the positive effect on medical attendance cost (in particular, for radiologists and laboratory services) is highest in the year of the screening, and decreases thereafter.
The decomposition also reveals a decrease of expenditures for urologists, gynecologists, and dermatologists in the short run. Because the visits at these medical specialists often have a preventive character (e.g., screening for prostate, breast, or skin cancer), these consultations can be expected to represent substitutes to the general screening program conducted by the GPs. The negative impacts of screening participation on these expenses are not in contradiction to this argument in the least. There is another striking and surprising result. The continuous and quantitatively highly relevant decrease of expenditures for physiotherapy over the period 0 to 5 years after screening is remarkable because these medical services typically have a rehabilitation character without a direct connection to screening. We presume some kind of substitutional relationship between screening and physiotherapy; however, we lack a convincing medical explanation for this result. While the expenses for the residual category 'other services' decreased in the short run, we found an increase in costs for pulmonologist visits.
Medium-run effects: In the medium run, outpatient expenditures decreased because of screening participation (Table IV) . The decline in outpatient expenditures 3, 4, and 5 years after treatment was 145, 293, and 289 Euros, respectively. This is equivalent to a decrease of 20% and 40%, respectively. As in the short run, the This table summarizes estimation results on the effect of screening participation (r years ago) on expenditures for medical drugs of selected categories (measured in 2007 Euros) on the basisof two-stage least squares (IV) estimation. Each entry reflects a separate estimation. In the IV estimations, screening participation is instrumented by a proxy for the exposure to supply-side screening recommendations that varies over zip code areas and time (Figure 2) . A summary of the first-stage results is provided in effect of screening on outpatient expenditures can be predominantly attributed to an effect via the consumption of medical drugs and, to a smaller extent, due to changing medical attendance. We did not find any statistically significant effect on incidence of hospitalization. The medium-run decrease in expenditures for medical drugs can be partly explained by the group of pharmaceuticals for the alimentary tract and metabolism (Table V) . There is weaker evidence for a reduced consumption of medical drugs targeting the cardiovascular system. The decomposition of drug expenditures Copyright This table summarizes estimation results on the effect of screening participation (r years ago) on expenditures for medical attendance of selected specialists (measured in 2007 Euros) on the basis of two-stage least squares (IV) estimation. Each entry reflects a separate estimation. In the IV estimations, screening participation is instrumented by a proxy for the exposure to supply-side screening recommendations that varies over zip code areas and time (Figure 2) . A summary of the first-stage results is provided in further shows that the expenses for pharmaceuticals for blood and blood-forming organs, for the genito-urinary system including sex hormones, for the musculo-skeletal system, for the respiratory system, dermatologicals, and anti-infectives, and for the residual category are reduced in response to screening participation in the time span of 3 to 6 years after treatment. The medium-run cost-decreasing effects for medical attendance are mainly driven by visits at GPs and internists (Table VI) . Depending on the year, we found cost reductions between 17% and 35% for GPs and between 50% and 73% for internists. Comparable cost can be observed for visits at all other specialists (see category 'other'), with a decline of expenditures in an order of magnitude between 23% and 66% 2 to 7 years after treatment. Only the special medical fields radiology and laboratory diagnostics showed increasing service utilization even in the medium run; however, the quantitative effects were much smaller as compared in the short run. This result might be an indication of regular checkups after a medical problem has been found in the screening examination. 27 Long-term effects: In the long run (i.e., 6 years or more after treatment), we did not find any statistically significant effects of screening on outpatient expenditures or on the incidence of hospitalization (Table IV) . However, the point estimates for outpatient expenditures were quite big in absolute terms. For the disaggregated expenditure components (summarized in Tables V and VI), we saw sporadic statistically significant negative coefficients. Here, one has to keep in mind that we had far less observations available to estimate these longrun coefficients. This increases the standard errors substantially, which may increase the likelihood of a type II error. In sum, however, we interpret the estimation results as evidence for a fading out of the effect of screening over time. This interpretation is also substantiated by the results of our last outcome of consideration, namely, mortality.
Heterogenous effects for sub-populations: In order to explore whether screening participation has different effects across sub-populations, we re-ran our analysis for important sub-samples along the dimensions, sex, age, and employment. In each case, we had a strong first stage and very comparable patterns in the second stage. That means, for each sub-population, we observed an increase in short-run cost, a decrease in mediumrun cost, no significant effects on long-run cost, and no impact on the incidence of sick leave. However, the size of the estimated coefficients (and also their statistical significance) varied across sub-populations. The most important distinction to make is between the effects for younger versus older insurants. Table VII summarizes these results where we distinguished between younger insurants (born 1943 or later) and older insurants (born before 1943). For younger insurants, the increase in short-run cost was less pronounced; in particular, we did not find a significant increase in the incidence of hospitalization. It seems that younger patients had less (or less complicated) follow-up medical treatments after a general health screening. However, the cost savings in the medium were are also less pronounced for the younger cohorts.
Mortality: The primary objective of screening is to maintain or improve insurants' health. Therefore, we looked at the ultimate health outcome given by mortality. Because humans die at a certain point in time, we could not use a panel estimation with insurant fixed effects and had to adapt our estimation strategy accordingly. The dependent variable in this analysis now becomes a binary indicator for whether the insurant was still alive in the year 2009. 28 Given that mortality crucially depends on age, we ran separate regressions for three birth cohort groups (born before 1933, between 1934 and 1943, and between 1944 and 1953) . Following Angrist (2001) , we estimated a linear probability model of mortality for each birth cohort group in which we used all insurants who were permanently insured between 1998 and 2003. As the variable of primary interest, we included the number of screenings carried out in this time span, which varied between zero and six. As before, we used our proxy for the exposure to supply-side screening recommendations to instrument for actual screening participation. In contrast to the panel data framework earlier, we used the average exposure over a treatment period defined as 1998 to 2003. The F -statistics on the excluded instrument (from the first stage) support again the strength of our instrument, as can be seen in the lower panel of Table VIII . As further control variables, we included information on the insurant's age, sex, nationality, education, GP in the year 1998, and the exemption of the prescription charge, which served as a proxy for income. This table summarizes estimation results on the effect of screening participation (r years ago) on five different health outcomes on the basis of two-stage least squares (IV) estimation. Each entry reflects a separate estimation. The outcome variables outpatient expenditures and the two sub-components expenditures for medical attendance and medical drugs are measured in 2007 Euros. The outcome variables, hospitalization, and sick leave are measured in days per year. In the IV estimations, screening participation is instrumented by a proxy for the exposure to supply-side screening recommendations that varies over zip code areas and time (Figure 2) . A summary of the first-stage results is provided in Table III . Standard errors are robust to clustering at the individual level and to heteroskedasticity of unknown form. Each estimation controls also for insurant fixed effects, GP fixed effects, year fixed effects, and the insurant's age. Note that incidence of sick leave is not available for the older sub-sample.
Indicates statistical significance at the 10% level.
Indicates statistical significance at the 5% level.
Indicates statistical significance at the 1% level. 1944-1953 1934-1943 1933 The upper panel of Table VIII summarizes the estimation results of the second stage and reports corresponding OLS estimates for comparison. Interestingly, the OLS estimates suggest a life-prolonging effect of screening. Depending on the birth cohort group, an additional screening participation is associated with an increased likelihood of being alive in 2009 between one and four percentage points. In contrast, the IV estimates do not show any statistically significant effect of screening on mortality. These results suggest that healthy insurants self-select themselves into treatment, while screening itself exerts no significant effect on mortality. 29 Interpretation of results: We found a clear increase in short-run health-care costs (inpatient and outpatient) that is followed by medium-run decreases in the outpatient sector. In the long run, we did not find any statistically significant cost effects. In order to evaluate the overall cost-effectiveness of the screening program, we had to add all the point estimates for the lags 0 to 8 (as presented in Table IV ). This gives an aggregate effect of about 957 Euros for outpatient health-care costs and of about 6 days in inpatient care. For the screening participation to be cost-neutral, a day in the hospital must cost less than 132 Euros. While we cannot monetize the cost of a hospital day caused by screening, we know that a day in the hospital costs on average between 700 and 800 Euros. This means that according to our estimates, screening participation clearly increases health costs. The same qualitative result arises if we consider only statistically significant point estimates; in this case, the threshold for cost-neutrality is even lower (hospital cost per day of 61 Euros). In any case, it is comforting to know that it has no impact on the overall evaluation of the cost-effectiveness of screening whether we consider the face value of insignificant coefficients, or we assume them to be zero. In addition to the cost increase, we do not find any statistically significant effects on our health indicators (the number of sick leave days and mortality). The only sub-population, for which the cost savings in the medium run could overcompensate the increase in short-run costs, is the one of younger insurants. Here, the threshold for cost-neutrality is 452 Euros of hospital costs per day, if we consider all coefficients. 30 Several explanations exist for our empirical pattern:
(i) Doctors' strong risk aversion may lead to substantial overtreatment (especially of older patients). This could explain the short-run increase in expenditures without improvement of patients' health. However, this reason cannot explain the decreasing mid-term effects on expenditures. (ii) Alternatively, the immediate increase in outpatient health expenditures may be supply induced or at least supply determined. Health screening offers doctors the opportunity to further increase the amount of care. If we assume that more detailed diagnostic services do not harm generally healthy patients, the observed increase of this cost category may reflect a good possibility for resident doctors to raise their income. Furthermore, GPs prescribe additional drugs, in particular for the treatment of high cholesterol, mental illness, and medications for the genito-urinary and musculo-skeletal systems. Whether the lion's share of this increase is medically justified, or if many of these prescriptions are supply determined, cannot be clearly answered by our data. Whereas the supply-determined argument can at least partly explain our empirical pattern, there are also counter arguments. According to column 1 in Table VI , GPs do not increase their own income by screening-induced medical treatment in the immediate and the subsequent year. Generally, we do not observe a remarkable increase of short-run therapeutic services by medical specialists ('other') in the year of screening. Moreover, supply-side effects alone cannot explain the decrease of mid-term expenditures either. (iii) Patients' behavior may explain the screening-driven patterns in health expenditures. Suppose a person has joined the screening program in the recent past and no medical troubles have been found. After the screening, the patient is confronted with health problems that are not necessarily serious. Given that the good health of the same person has been attested through screening in the recent past, the patient may forego medical consultation in this case. Consequently, individuals' expenditures for drugs and medical attendance may decrease in a certain period after screening. We call this phenomenon the 'reassurance effect' of screening participation. The relevance of this effect may be indicated by our result that the services of GPs and internists decrease significantly in the medium run. These two categories of resident doctors are typically the first place of contact for health problems in the Austrian health system. A reduction of precisely these 'gatekeeping' services suggests that the confirmation of good health in recent health checks may reduce a patient's frequency of doctor visits in the near future. (iv) The pattern of short-term increases and medium-term decreases in health expenditures may also display the intended screening effects. Even if one has to accept an increase in short-term cost (i.e., diseases are detected and treated at an early stage), the expenses in the medium run would decrease if more expensive treatments at a later stage of a disease can be prevented. Similarly, a change in lifestyle induced by the screening examination could explain our empirical results. A sustainable change in lifestyle accompanied by preventive health investments such as smoking cessation, less alcohol consumption, a more healthy diet, and more intensive sports activities would improve health and, consequently, can be expected to decrease health expenditures. In either case, we would expect improvements in the health status of treated individuals. If we interpret the number of sick leave days (a proxy for morbidity), mortality, and hospitalization as acceptable indicators for individual health, the hypothesis that significant health improvements are due to screening participation cannot be supported in the empirical analysis. The short-run impact of screening on hospitalization is even positive, and the effect on absenteeism remains insignificant for all periods. Hence, we do not observe the expected changes in health-status variables. 31
Therefore, the screening program may be successful insofar as it triggers minor health improvements of patients that we cannot measure by our health status variables.
ROBUSTNESS ANALYSIS
The plausibility of our IV can be questioned on the basis of two related grounds. (i) The positive correlation between the individual propensity to participate in health screening and the average screening rate in a given zip code area might be the result of peer effects and not be driven by the supply side as our identification strategy presumes. If this is true, and if equivalent peer effects are also present in our second stage relationships, then the identifying assumption of our IV strategy is not fulfilled. (ii) Sorting of insurants into certain zip code areas might invalidate our IV strategy if this is correlated with unobserved confounding factors. In particular, one might question whether a general health awareness or tendency toward preventive health-care activities at the zip code area level explains the utilization of screening examinations and whether this also matters in our second stage relationships.
Peer effects: Even if there is no direct test for the existence of peer effects in the screening decision, we offer a falsification test providing suggestive evidence against peer effects. This test uses the following logic: The existence of peer effects would imply that the correlation in screening behavior is higher among members of a peer group (intraclass correlation) compared with the correlation between members and non-members.
Consequently, average screening rates should vary considerably across different peer groups. In contrast, the proposition put forward by our IV strategy would predict similar average screening rates across different peer groups within a zip code area, as they are all exposed to the same supply side. Put differently, this would imply a high correlation between screening rates of different peer groups within a zip code area.
To implement this test, we define potential peer groups (i.e., individuals who are likely to meet and mutually influence each other's beliefs and behavior) along the dimensions religion (Catholic versus non-Catholic), ethnicity (Austrian versus non-Austrian citizens), educational attainment (academic degree versus no academic degree), income (first quartile versus third quartile), industry of employer (production worker versus non-production worker), and wage earners versus self-employed. We assume here that people with the same religious denominations and ethnicity, with similar educational attainment, within the same income range, or those employed in the same industry are more likely to meet and mutually influence each other's beliefs and behavior regarding screening, compared with people from different groups defined by these criteria. 32 It turns out that the correlation coefficients between the average screening rates of the different peer groups are highly significant and lie in a range between 0.73 (religion) and 0.93 (ethnicity). That means, we find no empirical support for peer effects and interpret the results of this falsification test as evidence for the importance of supply-side screening recommendations. The empirical test supports the validity of our IV strategy.
Potential sorting and other confounders: As a further falsification test, we check the sensitivity of our results to the inclusion of a list of additional covariates measured at the zip code area level. In the first step, we test whether our results are confounded by insurants' general health awareness or tendency toward preventive health-care activities on a local level. For this purpose, we use the average participation rates in common preventative health checkups (other than screening) as proxy variables for general health consciousness across zip code areas. In particular, we measure the regional density for participation in digital mammography, prenatal and post-natal mother-child health-care examinations, and dermatological preventive care examinations (especially for birthmarks). If inclusion of participation rates of these preventive measures in the regressions changes our screening coefficients substantially, we have evidence that our results are confounded by a general attitude toward preventive health-care measures on a regional level. On the other hand, stable coefficients would support the plausibility of our IV strategy.
It turns out that our estimation results are very robust to the inclusion of these additional covariates. While some of the point estimates of the screening coefficient change slightly in the extended specifications, we have a large overlap between the 95% confidence intervals from the estimated coefficients of the original model and the extended model. This indicates that our IV estimation presented earlier is not confounded by a general tendency toward preventive health-care activities (or specific health awareness) on a local level. 33 Hence, our testing strategy failed to invalidate the plausibility of our IV strategy.
In the final step, we also ran a specification where we controlled for several insurant characteristics (share of female, share of foreign insurants, share of 65 years and older, labor market status distribution) and GP characteristics (share of female, average age, university), also measured at the zip code area level. Again, we did not observe considerable changes in the estimated screening coefficients (compared with the baseline specification) if we concurrently controlled for these potential health-related confounders. Detailed estimation output for all robustness checks is found in the Web Appendix available on the corresponding author's website (http://www.econ.jku.at/papers/2012/wp1201_web-appendix.pdf).
CONCLUSIONS
On the basis of comprehensive administrative data that included the history of patients' health service utilization recorded by a mandatory regional sickness fund over a 10-year period, we estimated the effects of a general health-screening program in Austria on individuals' subsequent health-care costs and several health indicators. The broad variety of outcome variables (expenses for medical attendance and drugs, hospitalization, sick leave, and mortality) allowed a comprehensive evaluation. The empirical identification is based on a panel IV estimation that exploited exogenous variation in local exposure to supply-side screening recommendations. While it is in the nature of the IV method that we cannot test the validity of the identifying assumption, we presented a series of falsification tests that provide supportive evidence against the importance of several potential confounding factors, such as peer effects or regional variation in general health awareness.
We found that screening participation of an average insurant substantially increased health-care costs up to 2 years after treatment. Inpatient and outpatient medical care increased temporarily up to 40%. This short-run increase in health-care cost was not compensated by the medium-run cost savings in the outpatient sector. In the long run (8 years after treatment or longer), no statistically significant effects of screening participation on either health-care cost component can be discerned. At no point in time did we find a statistically significant impact of screening participation on health status variables.
A more disaggregated analysis of cost components enabled a quite clear interpretation of the short-run rise in health-care costs. The general screening examination led to substantial increases in intake of medical drugs and further medical examinations. In contrast, the medium-run decline in outpatient health-care costs may have at least two different sources. The empirical evidence is consistent with successful secondary and/or primary prevention, as well as with a demand-side driven 'reassurance effect'. The first explanation would be an argument in favor of screening. The second explanation would suggest that screening mainly affects the timing of health-care costs and has only a small impact on insurants' health status.
Given that we did not find any significant effects of screening on our measures of health status, we consider the reassurance effect as the more likely explanation for the decrease in medium-run health-care costs. This interpretation is also supported by the fact that the decline in medium-run health-care costs comes from the outpatient and not the inpatient sector, where the former is more amenable to demand-driven consumption. However, we have to acknowledge that our health status measurements are crude and do not necessarily cover the whole range of potential health effects. In particular, long-term mortality and several components of morbidity may remain undisclosed.
In summary, our results tend to show that screening increases health-care costs on average but does not improve health. This empirical evidence is in line with the most recent screening literature that, in contrast to earlier studies, is more skeptical about the overall cost effectiveness of health screening. To Austrian health policy makers, we would recommend to revise the program in its current form. In particular, we suggest to focus on younger insurants (about 60 years of age or younger), because we found comparably small short-run cost increases for this group that can be overcompensated by cost-savings in the medium run.
The following proposals for improvement should be considered in implementing (general) health-screening programs: (i) Given the increase of short-run outpatient expenditures, the efficiency of a program can be improved by a reduction of false positive diagnoses and subsequent overtreatment. A more precise program differentiation according to patients' age and gender-specific risk factors would allow more target-based medical examinations. Moreover, on the basis of these specific risk factors, binding diagnostic guidelines could be established. (ii) A well-designed program should focus on health-promoting achievements. In light of recent epidemiological developments (e.g., obesity ), more effective lifestyle-counseling measures could be discussed. 34 Screening guidelines that include realistic and achievable lifestyle objectives, in combination with financial incentives for patients, should be stipulated. (iii) Finally, programs should be flexible and react to the divergence between the original intentions of the program and its real-life practice. This implies, of course, a constant and careful evaluation. Targeted guidelines for further medical treatment are necessary, especially with regard to diseases that are given a high priority in the program's objectives. For instance, disorders of the heart and circulatory system are at the core of the Austrian general health-screening program. However, with the exception of cholesterol drugs, we hardly find significant changes in the utilization of cardio and circulatory medicines after the screening examination. However, the highly statistically significant increase in the prescription of antidepressants and other drugs is a clear example of a highly relevant health issue in practice. Given that the program does not even mention this area in its guidelines, it should be extended to react to this need.
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